Background: Obesity is a global epidemic. Behavior change monitoring using a smartphone application (app) can support weight management in obese patients. These apps must undergo usability testing, which is an important step in mobile healthcare app development. The current study aimed to develop a mobile app for behavioral monitoring and to test its usability including technical effectiveness, user efficiency, and user satisfaction for obese adults. Methods: Development of the Dr. Youth app components included information on behavioral monitoring indicators and their obesity subtypes. The usability of the app was tested with 50 obese adults in a university hospital. Participants were asked to complete eight tasks for evaluating the technical effectiveness of the app. The time to complete each task was measured to test user efficiency. To explore user satisfaction, each participant completed the System Usability Scale (SUS). Descriptive statistics were used to examine the mean user efficiency and SUS scores. ). The tasks were completed with a 99% success rate. The overall mean SUS score was 76.65 (SD, 15.43).
INTRODUCTION
The prevalence of obesity has increased worldwide and is now considered a global epidemic. Globally, the number of obese people is 650 million 1 and the rate of increase of obesity in Korea is similar to the global increase. 2 Obesity is an important risk factor for chronic diseases such as arthritis, diabetes, hypertension, dyslipidemia, cardiovascular disease, and cancer. 3 The socioeconomic costs of obesity in Korean adults are substantial. 4 In order to control the socioeconomic burden attributable to obesity, effective strategies for managing obesity should be established and implemented. 4 Since approaches targeting behavioral changes are important in obesity management, cognitive behavioral interventions, and lifestyle improvement programs are needed to meet users' emotional needs. Moreover, a recent study of adult weight management has suggested that mobile health interventions may be effective. 5 Be-ferences in the demographic characteristics, clinical conditions, and behavioral factors create distinct subtypes of obesity. Hence, stratifying obesity by subtypes or by assessing different risks across distinct groups may benefit weight management. Obesity subtyping helps to identify which behaviors need to be targeted and in whom, and who will be helped by the target obesity management program. A study used data from the Yorkshire Health Study to investigate six distinct groups of obese individuals, namely heavy drinking males, young healthy females, affluent and healthy elderly, physically sick but happy elderly, unhappy and anxious middleaged persons, and a cluster of people with very poor health. 9 Considering clinical experiences as well as several studies using obesity subtypes, we defined seven categories of obesity subtypes according to demographic factors and behavioral factors to better understand the lifestyle differences of individuals and to provide personalized lifestyle logging and feedback for each participant. The following obesity subtypes were suggested for a hospital weight management clinic setting: heavy drinking, stress-related eating, sedentary lifestyle, depression or sleep problems, age-related weight gain, shift work-related weight gain, and binge eating patterns ( Table 1) .
The main reason for subtyping obesity was to focus on the kind of behavior monitoring that should be emphasized for each type of obese participant.
Typically, behavior change techniques for weight management include many complex and diverse components. Behavior change taxonomies have been used to identify the basic components that modify behavior within theoretical frameworks. 10 The incorporation of evidence-based behavior change techniques in an app re- 10 We also encouraged participants to monitor their weight and provided feedback based on the weight changes.
The app was designed to collect patients' behavioral information through dietary habit questionnaires 12 and sleep time and stress evaluation using the Korean-translated Brief Encounter Psychosocial Instrument. 13 The aim was to categorize participants into the obesity subtypes shown in Table 1 . Dietary habit questionnaires were used to identify the dietary patterns of the patients and assess whether they have preferences for foods such as fried foods, instant foods such as ramen or fast foods such as pizza. We used the Korean-translated Brief Encounter Psychosocial Instrument 13 to construct the questions, given that stress and sleep affect eating habits 12 and that experiencing psychological problems can reduce the motivation to lose weight, leading to a high dropout rate in the weight management program.
We selected behavioral monitoring indicators based on previous studies and reports. 8, 14 Categories of behavioral monitoring indicators include regular meal intake, regular sleep time, frequency of alcohol drinking, frequency of critical foods intake, body weight, exercise frequency, and stress levels according to several obesity subtypes. Therefore, the app was designed in a "to-do list" format that included a life-log, critical foods, and other behavioral monitoring indicator information.
"Critical foods" is a concept we defined, consisting of foods that the patient is recommended to avoid. Unlike conventional food diaries, the critical food list to be avoided is set based on participants' choices to monitor their "risk" foods. The list of critical foods included simple carbohydrates, such as white bread, cakes, cookies, and sugar-sweetened beverages, and red meats with high levels of saturated fat, such as pork belly or ribs. Participants can choose up to three items for their critical food lists and log their frequency of critical food intake so that they can effectively monitor this list instead of keeping a food diary. For example, if one participant eats too many cookies, they can add cookies to their critical food list and would be required to monitor how frequently they ate cookies and how many cookies they ate in a day.
The app had an algorithm and message pool configuration to improve user motivation. According to their previous adherence to weekly behavior monitoring, participants were categorized as nonusers (participants whose logging adherence was less than 30%), moderate users (participants whose logging adherence was 30%-50%), and highly active users (participants who logged at least 50%
of their suggested behavior monitoring indicators). Motivation messages were randomly selected from the targeted pool and sent to personalize users' adherence to the app. At the end of 1 month, participants were evaluated for their achievements in bodyweight reduction, and new goals or behavior monitoring indicators were modified to adapt to their new goal or behavior target.
The app also had a reporting section, which showed how participants had been monitoring their behaviors as well as body weight according to their performance and adherence levels. Management Typically, usability testing conducted with five participants can identify at least 85% of usability problems. 15 Since our app was developed to provide personalized care linked with an outpatient weight management clinic, the number of problems found in the app was considered to be an important factor. 16 Hence, we performed our usability study with at least 50 participants, a study size at which 98%-100% of the problems would be detectable. 
Procedure: assessment of usability
Participants who met the eligibility criteria were recruited from a university weight management clinic. If patients agreed to participate in the study, they provided informed consent, and then were asked to download the app from the iPhone App Store or Google Figure 2 . Screenshots of the life log and body weight report. Play store. Participants were asked to perform several tasks and complete the 10-item System Usability Scale (SUS) questionnaire. 17 Usability was defined as the extent to which the app could be used by a clinical cohort of obese adults to achieve specified tasks with technical effectiveness, efficiency, and satisfaction. 18 This definition is in line with the standard ISO9241-11. 19 Usability testing refers to the evaluation of information systems that involve participants who are representative of the target user population. 20 Effectiveness refers to whether people can complete their tasks and achieve their goals. User efficiency is the extent to which users expend resources toward achieving their goals. User satisfaction is the level of comfort users experience in achieving those goals.
Participants were given eight tasks to complete in order to test the app' s technical effectiveness, user efficiency, and user satisfaction.
Each task required, or requested, that the participant obtain or enter specific data. The tasks required the user to enter personal settings, use the goal-setting feature, and enter details regarding their lifestyle.
Technical effectiveness
The participants carried out eight tasks to test the app's technical effectiveness. A task was completed when the task goal was obtained successfully without a critical error. A critical error was defined as an error resulting in an incorrect or incomplete outcome. A noncritical error was an error that would not affect the final output of the task, but caused it to be completed less efficiently. We analyzed the success and failure rates of participants' task completion.
A success rate of 80% or higher was considered to lower the importance of technical factors in usability assessment.
User efficiency
The user efficiency of the app was tested, with users being timed as they undertook tasks in order to examine whether the app was easy to navigate. User efficiency was measured by recording the mean time (in seconds) a user took to complete a task. 21 The Single Ease Question (SEQ) was asked of participants at the end of testing as a quantitative evaluation of difficulty. 22 The SEQ is a seven-point rating scale to assess how difficult users find a task, where a rating of 1 indicates that the task was very difficult and a rating of 7 indicates that it was very easy. The SEQ was administered immediately after a user completed a task.
User satisfaction
After the task was complete, the overall usability score was measured using the SUS questionnaires. 17 SUS is a brief quantitative assessment of usability, which can be carried out using the questionnaire, and the results are valid and reliable. SUS is a scale ranging from 0 to 100, with scores over 80 and below 70 suggesting high usability and low usability, respectively. 23 The ten SUS items were ranked according to a 5-point Likert scale.
In addition, after using the app for a week, the participants were asked to submit online feedback through a Google questionnaire system. Descriptive analysis was performed where the median values and 25%-75% intervals were displayed in continuous variables and frequencies with the percentages as categorical variables. When analyzing data according to sex, age group, or BMI group, we performed the Wilcoxon rank-sum test between two independent groups and the Kruskal-Wallis test among more than two groups.
All analyses were performed using SAS version 9.4 (SAS Institute
Inc., Cary, NC, USA).
RESULTS

Technical effectiveness
All tasks were completed successfully, except for one task for one participant with a type 2 error. The total success rate of all tasks 
User satisfaction and usability
The SUS scores corresponding to the ten items are presented in The results of the SUS are presented in Table 4 . The overall mean SUS score was 76.65 (SD, 15.43). The SUS scores of 37 participants (74%) were 70 or higher, which indicated that the app was an acceptable system. 24 There were no significant differences in SUS scores among different sex, age, or BMI groups.
Thirty-eight of the 50 participants submitted responses to our Google questionnaires after using the app for a week (a 76% response rate). The most frequent comments made by participants throughout testing of the app to each question were as follows.
When asked, "What are the good points when using the app?, " the most frequent response was "It was simple and good. " When asked, "What did you dislike when using the app?, " the most frequent response was "I felt sorry that I couldn't enter the details. " When asked, "Are there any improvements or suggestions to this app?," the most common response was "I hope the programs and recording section of the app will be more specific. "
DISCUSSION
Overall, our weight management app was rated as easy to use, and each of the test tasks was successfully completed without critical errors. Evaluation of the usability of smartphone apps is critical for their success, allowing developers to adapt and improve them against the rapidly changing backdrop of mobile technology. App functions that are difficult to use or to understand might result in a significant decrease in usability. These factors are common problems and shortcomings of weight-control mobile apps that are currently available. 2. I found the app unnecessarily complex.
3. I thought the app was easy to use. 4 . I think that I would need the support of a technical person to be able to use this app.
5. I found the various functions in this app were well integrated.
6. I thought there was too much inconsistency in this app.
7. I would imagine that most people would learn to use this app very quickly.
8. I found the app very cumbersome to use.
9. I felt very confident using the app. Very few studies have reported on the development and use of mobile phone apps for individual behavioral change or weight monitoring. 25 Hebden et al. 26 developed and tested four mobile phone apps to improve nutrition and physical activity behaviors during young adulthood. Qualitative feedback provided few suggestions for content changes in these apps, with the major concerns being their slow running speed and login requirements. Dennison et al. 27 reported that healthy young adults displayed some interest in using health care apps that support behavior change. Legitimacy, effort required, and immediate effects on mood emerged as important influences relating to app usage, as users of behavior-change apps may lose motivation over time and engage in only intermittent use. Whether this view is applicable to obese patients and to long-term users remains to be seen. O'Malley et al. 6 tested the usability of a mobile app used in adolescent obesity management.
They described the importance of usability testing in refining the development of an app for use in the treatment of obesity.
Considering these earlier studies, usability testing is clearly paramount for the optimal design and development of mobile apps used in clinical settings. The objective of SUS, therefore, was to provide us with a measure of people's subjective perceptions of system usability in the very short time available during an evaluation session. Tullis and Stetson's research showed that using SUS provides a measure of the perceived usability of a system with a small sample and allows us to be fairly confident in obtaining a good assessment of how people see the system. 28 Overall, the test results were promising, and participants rated the Dr. Youth app as an acceptable, easy-to-use system. Each test task was completed successfully, with only one critical error, indicating the app's technical effectiveness. Users were satisfied with the app and suggested several ways to improve it further. The mean SUS score of 76.65 and the 74% rating for acceptable usability were promising. Given the current popularity of mobile apps, we anticipated that a mobile app would be a useful tool for obesity treatment, and this study's results support our view.
Some limitations of this study must be acknowledged. Usability has an initial assessment process that is followed by a feedback process when the app is constantly used and verified. This study comprises the initial assessment process. Thus, further research will be needed to establish clinical evidence with continuous feedback on the app's usability. The development and the usability testing of the app in the study were two different processes, which makes it difficult to define the distribution of obesity subtypes or Korean-translated Brief Encounter Psychosocial Instrument (BEPSI-K) scores of the participants recruited for the usability testing of the app. Additionally, we did not collect participants' educational or socioeconomic statuses, which might be a potential limitation of the study.
Furthermore, obesity subtyping in this study was not based on domestic data. Considering differences in the demographic characteristics of obese patients, it may be meaningful to define obesity subtypes using domestic data unique to Korea in the future, followed by usability testing of an app for obese patients. In addition, the app should be tested in a cohort of obese adults who are not attending a clinic for weight management, as we do not know whether the users' level of motivation for lifestyle change affects their perceptions of technical usability. Finally, we assessed the users' satisfaction with using the app as a whole, rather than their satisfaction with completing each task. Future work to explore individual components of the app may also be warranted. Despite these limitations, our study demonstrated the good usability performance of the Dr. Youth app for weight management.
Overall, the Dr. Youth app performed well in usability testing, with results providing support for its usability by end users. The results of this study guided the final development cycle of the app prior to its use. Usability testing of mobile apps designed to address clinical problems is vital, as it enables developers to account for users' needs and to better optimize the mobile app's acceptability and utility.
